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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a balanced operation type 
surface acoustic wave filter device with excellent amplitude balance 
performance and phase balance performance. 
SOLUTION: A plurality of IDTs (11-13 or 21-23) composed by 
crossing comb- line electrodes are provided on a piezoelectric 
substrate (10). The electrode fingers of the comb-line electrodes 
constituting the IDTs (1 1-13 or 21-23) are arranged with the width 
and interval of about 1 /4 wavelength of surface acoustic waves 
excited by the IDTs (1 1-13 or 21-23). A plurality of resonator type 
surface acoustic wave elements (lA or 2 A) constituted in such a 
manner are provided. In this case, one (1 A) of the surface acoustic 
wave elements and the other (2A) are cascade-connected and 
wiring (Wl A-W4A) constituting the cascade connection is turned to 
a floating state in terms of an electric circuit from the ground 
circuit of the surface acoustic wave filter device. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a balanced operation type surface 
acoustic wave filter device with excellent amplitude balance performance and 
phase balance performance. 

SOLUTION: A plurality of IDTs (11-13 or 21-23) composed by crossing comb- 
line electrodes are provided on a piezoelectric substrate (10). The electrode 



fingers of the comb-line electrodes constituting the IDTs (1 1-13 or 21-23) are 
arranged with the width and interval of about 1/4 wavelength of surface acoustic 
waves excited by the IDTs (11-13 or 21-23). A plurality of resonator type surface 
acoustic wave elements (1 A or 2A) constituted in such a manner are provided. In 
this case, one (1 A) of the surface acoustic wave elements and the other (2A) are 
cascade-connected and wiring (W1A-W4A) constituting the cascade connection 
is turned to a floating state in terms of an electric circuit from the ground circuit of 
the surface acoustic wave filter device. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the thing possessing two or more surface acoustic elements formed 
on a piezoelectric substrate and the substrate of this piezoelectric substrate one 
side of two or more of said surface acoustic elements The 1st ctenidium-like 
electrode with an unbalance signal terminal or a balanced signal terminal, and 
the 2nd ctenidium-like electrode arranged at the one side of this 1st ctenidium- 
like electrode, The 3rd ctenidium-like electrode arranged at the other side of this 
1st ctenidium-like electrode is included. Another side of the surface acoustic 
element of the; aforementioned plurality The 4th ctenidium-like electrode with the 
1st and 2nd balanced signal terminals, and the 5th ctenidium-like electrode 
arranged at the one side of this 2nd ctenidium-like electrode, The one side 
electrode of the ctenidium-like electrode of the; above 2nd and the one side 
electrode of said 5th ctenidium-like electrode mind the 1st wiring including the 6th 
ctenidium-like electrode arranged at the other side of this 2nd ctenidium-like 
electrode. Connect electrically and the another side electrode of the ctenidium- 
like electrode of the; above 2nd and the another side electrode of said 5th 
ctenidium-like electrode mind the 2nd wiring. Connect electrically and the one 
side electrode of the ctenidium-like electrode of the; above 3rd and the one side 
electrode of said 6th ctenidium-like electrode mind the 3rd wiring. It connects 
electrically and the another side electrode of the ctenidium-like electrode of the; 
above 3rd and the another side electrode of said 6th ctenidium-like electrode are 



electrically connected through the 4th wiring. The; above 1st thru/or 4th wiring of 
each To extent to which stray capacity is formed among other electrodes through 
said piezoelectric substrate, and the balance in the; above 1st and the 2nd 
balanced signal terminal is settled in the range of desired Balanced actuation 
mold surface acoustic wave filter equipment characterized by constituting so that 
the stray capacity of said 3rd wiring and the stray capacity of said 4th wiring may 
be made to live together while making the stray capacity of said 1st wiring, and 
the stray capacity of said 2nd wiring live together. 

[Claim 2] On a piezoelectric substrate, two or more interdigital transducers which 
make a ctenidium-like electrode come to cross are formed. The electrode finger 
of said ctenidium-like electrode which constitutes said interdigital transducer In 
the thing equipped with two or more surface acoustic elements of the resonator 
mold arranged at about 1 / four waves of width of face, and spacing of the 
surface acoustic wave excited by said interdigital transducer Balanced actuation 
mold surface acoustic wave filter equipment which cascade connection of one 
side of said surface acoustic element and another side of said surface acoustic 
element is carried out, and is characterized by constituting so that wiring with 
which said cascade connection is constituted may be in floating in electrical 
circuit from the grand circuit of surface acoustic wave filter equipment. 
[Claim 3] Surface acoustic wave filter equipment according to claim 2 
characterized by constituting so that at least one of wiring which constitutes said 
cascade connection may be separated from said grand circuit. 
[Claim 4] Surface acoustic wave filter equipment according to claim 2 or 3 
characterized by constituting so that one side of said surface acoustic element 
may contain the interdigital transducer which is not connected to said grand 
circuit although another side of said surface acoustic element is connected to a 
balanced signal terminal including the interdigital transducer connected to an 
unbalance signal terminal and said grand circuit. 

[Claim 5] Surface acoustic wave filter equipment according to claim 2 or 3 
characterized by constituting so that another side of said surface acoustic 



element may contain the interdigital transducer which is not connected to said 
grand circuit although it connects with a balanced signal terminal including the 
interdigital transducer which is not connected to said grand circuit although one 
side of said surface acoustic element is connected to a balanced signal terminal. 
[Claim 6] The inside of the electrode finger of said ctenidium-like electrode which 
constitutes said one interdigital transducer of said surface acoustic element, The 
width method of the surface acoustic wave excitation direction of at least one 
electrode finger by differing from the width method of said surface acoustic wave 
excitation direction of the electrode finger of said ctenidium-like electrode which 
constitutes said interdigital transducer of another side of said surface acoustic 
element Surface acoustic wave filter equipment given in any 1 term of claim 2 
characterized by constituting so that the input of said filter equipment and/or the 
design value of an output impedance may be changed thru/or claim 5. 
[Claim 7] The inside of the electrode finger of said ctenidium-like electrode which 
constitutes said one interdigital transducer of said surface acoustic element, The 
opening length of at least one electrode finger by differing from the opening 
length of the electrode finger of said ctenidium-like electrode which constitutes 
said interdigital transducer of another side of said surface acoustic element 
Surface acoustic wave filter equipment given in any 1 term of claim 2 
characterized by constituting so that the input of said filter equipment and/or the 
design value of an output impedance may be changed thru/or claim 6. 
[Claim 8] When the electrode finger of said ctenidium-like electrode is made into 
one pair by two and the pitch of these one pairs of electrode fingers is made into 
an electrode period When the electrode period of at least one pair contained in 
one side of said surface acoustic element of said electrode fingers shall differ 
from the electrode period of said electrode finger contained on another side of 
said surface acoustic element Surface acoustic wave filter equipment given in 
any 1 term of claim 2 characterized by constituting so that the input of said filter 
equipment and/or the design value of an output impedance may be changed 
thru/or claim 7. 



r 



[Claim 9] Surface acoustic wave filter equipment given in any 1 term of claim 2 

m 

characterized by constituting so that the input of said filter equipment and/or the 
design value of an output impedance may be changed, when the total of said 
electrode finger contained in one side of said surface acoustic element shall 
differ from the total of said electrode finger contained on another side of said 
surface acoustic element thru/or claim 8. 

[Claim 10] One side of said surface acoustic element meets in the propagation 
direction of the surface acoustic wave excited with said some of interdigital 
transducers. Two or more grating-like reflectors formed on said piezoelectric 
substrate as sandwiched some of these interdigital transducers are included. 
Another side of said surface acoustic element It meets in the propagation 
direction of the surface acoustic wave excited by the other sections of said 
interdigital transducer. In addition, two or more another side grating-like reflectors 
formed on said piezoelectric substrate as sandwiched the interdigital transducer 
of the section are included. The total of the reflector finger which constitutes said 
grating-like reflector contained in one side of said surface acoustic element By 
differing from the total of the reflector finger which constitutes said grating-like 
reflector contained on another side of said surface acoustic element Surface 
acoustic wave filter equipment given in any 1 term of claim 2 characterized by 
constituting so that the input of said filter equipment and/or the design value of an 
output impedance may be changed thru/or claim 9. 

[Claim 1 1] Surface acoustic wave filter equipment given in any 1 term of claim 2 
characterized by constituting so that the input of said filter equipment and/or the 
design value of an output impedance may be changed, when the total of said 
interdigital transducer contained in one side of said surface acoustic element 
shall differ from the total of said interdigital transducer contained on another side 
of said surface acoustic element thru/or claim 9. 

[Claim 12] Surface acoustic wave filter equipment given in any 1 term of claim 2 
characterized by one frequency characteristics of said surface acoustic element 



constituting that it seems tiiat it shall differ from the frequency characteristics of 
another side of said surface acoustic element thru/or claim 9. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of differential mold 

(balanced actuation mold) surface acoustic wave filter equipment. 

[0002] 

[Description of the Prior Art] Surface acoustic wave filter equipment is a device 
which perfomris conversion with an electrical signal and a surface acoustic wave 
(SAW) with the ctenidium-like electrode (INTADEJITARUTORANSUDEYUSA: 
IDT) which consists of a thin film metal prepared on the piezo electric crystal, and 
transmits and receives a signal, and is used for a surface acoustic wave filter, a 
surface acoustic wave resonator, a delay circuit, etc. This surface acoustic wave 
device is widely used in the field of mobile communications, such as a cellular 
phone, by the merit that thin-shape-izing and a miniaturization are possible. 
[0003] Although low loss and a steep barrier property out of band are naturally 



searched for in the surface acoustic wave filter for RF stages used by mobile 
communications etc., recent years require a balanced actuation mold (a 
difference input and/or differential output mold) increasingly on it. The 
background has utilization/low-pricing of the balance input mold (balance output 
mold) IC. 

[0004] With the balanced actuation mold filter, the good amplitude balance 
engine performance and the phase balance engine performance are called for. 
There are some which connect a balun coil to the surface acoustic wave filter of 
a non-differential drive, and take out a differential signal as the conventional 
technique which obtains the good amplitude balance engine performance and 
the phase balance engine performance. However, by the approach of connecting 
a balun coil to the surface acoustic wave filter of a non-differential drive, while the 
structure of a filter circuit becomes large, the cost of passive circuit elements also 
becomes high. Therefore, development of the differential mold (balanced 
actuation mold) surface acoustic wave filter which can carry out direct 
continuation to the balance mold IC is desired. 

[0005] As an example of the conventional configuration of the surface acoustic 
wave filter which carries out the differential drive of the balance input mold 
IC reference LG.Endoh et.ar'High Performance Balanced Type SAW Filters 
inthe Range of 900MHz with some which were shown in drawing 1 of the 
following reference 1 and 1.9 GHz" - Proc, IEEE Ultrason.Sympo., and p41-44 
(1997) - by this reference 1 The attempt which carries out the differential drive of 
the IDT of the output side connected to the balanced output terminal soon is 
made considering structure of an SAW filter as as [ conventional ], and grounding 
the interstage IDT by the side of an unbalanced input to a gland. However, by 
this method, the engine performance satisfaction goes [ the engine performance ] 
in the amplitude balance engine performance and the phase shift balance engine 
performance is not realized as stated to reference 1. As the cause, it is 
conventionally mentioned by the SAW filter of structure that the suspension 
impedance component which accompanies IDT to which differential signal 



processing is performed exists asymmetrically to differential-circuit actuation. 
This is described by the following reference 2. 

[0006] reference 2.P J.Edmonson et.al., "Effect of Stay Coupling on the 
Balanceof a Differential LSAW Front-End Resonator-filter for Wireless/Mobile 
Circuits", Proc.lEEE Ultrason.Sympo., and p361-364 [(1999) 0007 -] 
[Problem(s) to be Solved by the Invention] the above - unless it carries out 
somehow effect of an unsymmetrical suspension impedance (it is the asymmetry 
of the stray capacity between the circuit pattern of IDT, and a piezoelectric 
substrate especially), balanced actuation mold surface acoustic wave filter 
equipment with the sufficient amplitude balance engine performance and the 
sufficient phase balance engine performance cannot be obtained. 
[0008] This invention was made in view of the above-mentioned situation, and 
that purpose is offering balanced actuation mold surface acoustic wave filter 
equipment with the sufficient amplitude balance engine performance and the 
sufficient phase balance engine performance. 
[0009] 

[Means for Solving the Problem] The surface acoustic wave filter equipment 
concerning the gestalt of implementation of this invention possesses two or more 
surface acoustic elements formed on a piezoelectric substrate and the substrate 
of this piezoelectric substrate. One side of two or more of said surface acoustic 
elements contains the 1st ctenidium-like electrode with an unbalance signal 
terminal or a balanced signal terminal, the 2nd ctenidium-like electrode arranged 
at the one side of this 1st ctenidium-like electrode, and the 3rd ctenidium-like 
electrode arranged at the other side of this 1st ctenidium-like electrode. Moreover, 
another side of two or more of said surface acoustic elements contains the 4th 
ctenidium-like electrode with the 1st and 2nd balanced signal terminals, the 5th 
ctenidium-like electrode arranged at the one side of this 2nd ctenidium-like 
electrode, and the 6th ctenidium-like electrode arranged at the other side of this 
2nd ctenidium-like electrode. 

[0010] The one side electrode of said 2nd ctenidium-like electrode and the one 



side electrode of said 5th ctenidium-like electrode mind the 1st wiring. Connect 
electrically and the another side electrode of the ctenidium-like electrode of the; 
above 2nd and the another side electrode of said 5th ctenidium-like electrode 
mind the 2nd wiring, it connects electrically - having -; - said 3rd ctenidium-like 
electrode - on the other hand - an electrode and said 6th ctenidium-like 
electrode - on the other hand, an electrode is electrically connected through the 
3rd wiring - having - the another side electrode of said 3rd ctenidium-like 
electrode and the another side electrode of said 6th ctenidium-like electrode are 
electrically connected through the 4th wiring. 

[001 1] Here, the said 1st thru/or 4th wiring of each forms stray capacity among 
other electrodes through said piezoelectric substrate. 

[0012] While making the stray capacity of said 1st wiring, and the stray capacity 
of said 2nd wiring live together in extent to which the balance in said 1st and 2nd 
balanced signal terminals is settled in the range of desired, it constitutes so that 
the stray capacity of said 3rd wiring and the stray capacity of said 4th wiring may 
be made to live together. 

[0013] Or with the surface acoustic wave filter equipment concerning the gestalt 
of implementation of this invention, two or more interdigital transducers which 
make a ctenidium-like electrode come to cross were formed on the piezoelectric 
substrate, and the electrode finger of said ctenidium-like electrode which 
constitutes said interdigital transducer is equipped with two or more surface 
acoustic elements of the resonator mold arranged at about 1 / four waves of 
width of face, and spacing of the surface acoustic wave excited by said 
interdigital transducer. 

[0014] Here, cascade connection of one side of said surface acoustic element 
and another side of said surface acoustic element is carried out, and it is 
constituted so that wiring with which said cascade connection is constituted may 
be in floating in electrical circuit from the grand circuit of surface acoustic wave 
filter equipment. 
[0015] 



[Embodiment of the Invention] Hereafter, with reference to a drawing, the surface 
acoustic wave filter equipment concerning the gestalt of 1 implementation of this 
invention is explained. 

[0016] Drawing 1 is drawing explaining the structure of the surface acoustic wave 
filter equipment (the unbalanced input / balanced output surface acoustic wave 
filter by which cascade connection was carried out by ****** arrangement) 
concerning the gestalt of 1 implementation of this invention. 
[0017] In drawing 1 . the piezoelectric substrate 10 is cut into the sense rotated 
36 degrees to Y shaft orientations focusing on the X-axis, and obtains the single 
crystal of for example, a lithium tantalic acid ghost (LiTa03) (this is written as 
LTA below). 

[0018] On the piezoelectric substrate 10, surface acoustic element 1A by the side 
of an unbalanced input and surface acoustic element 2A of a balanced output 
side are formed by vertical list arrangement. Surface acoustic element 1 A is 
equipped with the interdigital transducers (it outlines Following IDT) 11-13 which 
make the ctenidium-like electrode of metal thin films, such as aluminum, come to 
cross, and the grating-like reflectors (it outlines Following Gr) 14-15 of metal thin 
films, such as aluminum. Moreover, surface acoustic element 2A is equipped 
with IDT 21-23 which makes the ctenidium-like electrode of metal thin films, such 
as aluminum, come to cross, and Gr 24-25 of metal thin films, such as aluminum. 
Gr14 and Gr15 are arranged along the propagation direction (longitudinal 
direction of drawing 1 ) of the surface acoustic wave excited by IDT12 (or IDT 1 1 
and 13), and Gr24 and Gr25 are arranged along the propagation direction 
(longitudinal direction of drawing 1 ) of the surface acoustic wave excited by IDT 
21 and 23 (or IDT22). 

[0019] here ~ each surface acoustic elements 1 A and 2A ~ an electrode finger 
pitch (the pitch of one pair of adjoining electrode fingers; electrode period), 
electrode digital-furrow width efface, opening length (substantial decussation 
length of an electrode finger), and an electrode finger ~ pattern configurations, 
such as a logarithm, ~ abbreviation ~ it is formed so that it may become the 



same. If it has another way of speaking, IDT 11-13 and the electrode finger which 
constitutes 21-23 consist of electrodes (it is henceforth called a solid electrode) 
arranged at about 1 / four waves of width of face, and spacing of the surface 
acoustic wave excited by IDT. Drawing 1 is the resonator mold surface acoustic 
wave filter constituted in this way. 

[0020] Specifically, surface acoustic element 1A contains IDT12 with the 
unbalance signal terminal P01, IDT13 arranged on the right-hand side of IDT11 
and IDT12 which have been arranged on the left-hand side of this IDT12, and 
Gr14 and Gr15 which were arranged in right and left on both sides of these [11- 
IDT 13 ]. One side electrode 12a of a center IDT12 is connected to the 
unbalance signal temriinal P01, and the another side electrode 12b is grounded in 
the grand circuit of a filter. 

[0021] Similarly, surface acoustic element 2A contains IDT22 with the balanced 
signal terminals P11 and P12, IDT23 arranged on the right-hand side of IDT21 
and IDT22 which have been arranged on the left-hand side of this IDT22, and 
Gr24 and Gr25 which were arranged in right and left on both sides of these [ 21- 
IDT 23 ]. One side electrode 22a of a center IDT22 is connected to one balanced 
signal terminal P1 1, and the another side electrode 12b is connected to the 
balanced signal terminal PI 2 of another side. 

[0022] Cascade connection of surface acoustic element 1 A and the surface 
acoustic element 2A is carried out through wiring W1 A-W4A. namely, IDT1 1 ~ 
on the other hand ~ an electrode 1 1 ~ b and IDT21 ~ on the other hand, 
electrode 21b connects electrically through 1st wiring W1A ~ having ~ the 
another side electrode 1 1 of IDT1 1 ~ another side electrode 21a of a and IDT21 
is electrically connected through 2nd wiring W2A. the same ~ IDT13 ~ on the 
other hand ~ an electrode 13 ~ b and IDT23 ~ on the other hand, electrode 23b 
connects electrically through 3rd wiring W3A - having ~ the another side 
electrode 13 of IDT13 ~ another side electrode 23a of a and IDT23 Is electrically 
connected through 4th wiring W4A. 

[0023] In the above-mentioned cascade connection, wiring W1 A-W4A is not 



grounded but floating is carried out from the grand circuit. For this reason, 
between wiring W1 A-W4A with each, and a grand circuit, stray capacity Cx1- 
Cx4 is formed through the piezoelectric substrate 10 (dielectric). 
[0024] An important thing is that effect of as opposed to the balance of a filter in 
the direction of the asymmetry of the stray capacity (a part for capacitance) which 
accompanies wiring W1 A and wiring W2A is larger than the asymmetry of the 
impedance (a part for inductance part + direct current resistance) by the 
difference in the die length of wiring W1 A and wiring W2A here (this is cut by the 
experience top), for this reason - balance - a viewpoint - from - (- natural - 
wiring - W - one - A ~ an inductance - a part /- resistance - a part - wiring 
- W - two - A - an inductance a part - /- resistance - a part ~ being near - 
alike - having exceeded ~ things there is nothing -) - wiring -- W - one - A - 
and ~ wiring ~ W - two -- A - both sides -- being big ~ a difference - there is 
nothing (if possible - a difference - few) - capacitance - a part Cx - one - 
and - Cx - two - be attached **** things - being desirable . the same 
from a viewpoint of balance - (- natural - it is alike and there is nothing with 
near part for a part for the inductance part / resistance of wiring W3A, and the 
inductance part / resistance of wiring W4A that was exceeded -) - it is desirable 
to be attached to the both sides of wiring W3A and wiring W4A by the amount of 
[ without a big difference (if possible - a difference - few) / Cx3 and Cx4 ] 
capacitance. 

[0025] If wiring W2A is grounded in the grand circuit, and it sees from the 
magnitude of an impedance, Cx2 serves as infinity seemingly, a big difference 
will arise between Cx1 and Cx2, and the asymmetry for capacitance in wiring 
W1A between IDT11 and IDT21 and wiring W2A will become large, both 
[ however, ] wiring W1 A and wiring W2A - although - floating is carried out from 
the grand circuit (not grounded), if it becomes Even if the amount of [ Cx1 and 
Cx2 ] capacitance remains in these wiring and it is Cx1 !=Cx2 If compared with 
the case where wiring W1 A or wiring W2A is grounded, the asymmetry for 
capacitance will decrease sharply (that is, the balance of the balanced 



transmission line between IDT11 and IDT21 becomes better). 
[0026] Similarly, if wiring W4A is grounded in the grand circuit, and it sees from 
the magnitude of an impedance, Cx4 serves as infinity seemingly, a big 
difference will arise between Cx3 and Cx4, and the asymmetry for capacitance in 
wiring W3A between IDT13 and IDT23 and wiring W4A will become large, both 
[ however, ] wiring W3A and wiring W4A - although - floating is carried out from 
the grand circuit (not grounded), if it becomes Even if the amount of [ Cx3 and 
Cx4 ] capacitance remains in these wiring and it is Cx3 !=Cx4 If compared with 
the case where wiring W3A or wiring W4A is grounded, the asymmetry for 
capacitance will decrease sharply (that is, the balance of the balanced 
transmission line between IDT13 and IDT23 becomes better). 
[0027] In addition, if the equivalent opposite area difference between these wiring 
and grand circuits is reduced by making large width efface of wiring W1A, for 
example, and narrowing width of face of wiring W2A, the asymmetry for 
capacitance in wiring W1 A and wiring W2A can be reduced further. If the 
equivalent opposite area difference between these wiring and grand circuits is 
reduced by similarly making width efface of wiring W3A large, and narrowing 
width efface of wiring W4A, the asymmetry for capacitance in wiring W3A and 
wiring W4A can be reduced further. 

[0028] To what extent the asymmetry for the above-mentioned capacitance can 
approve changes by how much final balance (amplitude balance and phase 
balance) is managed in the operation product of this invention. Although the 
concrete value of Cx1-Cx4 or the concrete value of the capacitance ratios 
Cx2/Cx1 or the capacitance ratios Cx4/Cx3 cannot be shown, it is possible 
enough to find the pattern arrangement / area / the die length of wiring W1 A- 
W4A in a tentative way so that desired balance (amplitude balance / phase 
balance) may be acquired. 

[0029] Balance [ in / specifically / a balanced signal terminal (P1 1-P12) ] is the 
range of desired (for example, the amplitude characteristic **1dB). While phase 
balance makes the stray capacity Cx1 of wiring W1A, and the stray capacity Cx1 



of wiring W2A live together in extent settled in **10 degrees It constitutes so that 
the stray capacity Cx3 of wiring W3A and the stray capacity Cx4 of wiring W4A 
may be made to live together (that is, wiring W1 A-W4A is not grounded). And 
when the balance of a certain prototype sample is not settled in the range of 
desired, it carries out changing an approach taking about either of the wiring W1 
A-W4A, and/or its area etc., and another prototype sample which changed the 
impedance balance on wiring is made. What is necessary is to adopt the pattern 
configuration / area / arrangement / die length at that time as a design value, and 
just to mass-produce surface acoustic wave filter equipment, when the balance 
of this another prototype sample is settled in the range of desired (the amplitude 
characteristic is **1dB and phase balance is **10 degrees). The activity of such 
trial-and-error is easy for this contractor. 

[0030] The above "the range of the request of balance" is more concretely 
explained with reference to drawing 4 R> 4 and drawing 5 . Drawing 4 is drawing 
explaining the example of a property of the surface acoustic wave filter 
equipment concerning the gestalt of implementation of this invention (the 
amplitude characteristic and a standing-wave ratio: VSWR). Here, the property of 
a filter (50-ohm system unbalanced input / balanced output mold) of having used 
the LTA substrate 10 is illustrated. Moreover, drawing 5 is drawing explaining the 
example of a property of the surface acoustic wave filter equipment concerning 
the gestalt of implementation of this invention (an amplitude balance property 
and phase balance property). 

[0031] The SAW filter used for measurement of drawing 4 is made from the 
surface acoustic wave filter of a configuration like drawing 1 . The input (about 
[ of drawing 1 / P01 ]) of this filter is connected to the source of a signal with an 
output impedance of 50 ohms, and termination of the output (about [ of drawing 1 
/ PI 1-P12 ]) of this filter is carried out by 50-ohm load resistance. Center 
frequency is about 942.5MHz and this filter has the bandpass property of passing 
922.5MHz - 962.5MHz so that it may be illustrated by drawing 4 . And VSWR in a 
passage frequency band is settled in the practically sufficiently small value 



(VSWR is about 2.5 or less). 

[0032] Drawing 5 illustrated the amplitude balance property TF in a passage 
frequency band, and the phase balance property (expanding a scale). From 
instantiation of drawing 5 , the amplitude characteristic in a passage frequency 
band (922.5MHz - 962.5MHz) was settled in less than **1dB, and the phase 
balance property is also settled in less than **7 degrees. For example, what is 
necessary is just to decide the pattern configuration / area / arrangement / the die 
length of drawing 1 by trial-and-error etc., using an old design data suitably so 
that such a property may be acquired, 

[0033] In addition, although the I/O impedance was set to 50 ohms in the above- 
mentioned example, effectiveness with other same impedance systems (75ohm, 
lOOohm, 150ohm, 200ohm, etc.) is acquired by changing / operating suitably the 
electrode finger opening length of filter elements (surface acoustic elements 1 A 
and 2A etc.), an electrode finger number, etc. 

[0034] Moreover, the surface acoustic wave filters (for example, 200ohm 
balanced output of 50-ohm unbalanced inputs, 50ohm unbalanced output of 200- 
ohm balanced inputs, lOOohm balanced output of 100-ohm balanced inputs, etc) 
with which the impedances of I/O differed are also realizable by changing the 
impedance design of the filter (surface acoustic element) of an input stage and 
an output stage by choosing suitably electrode finger opening length, an 
electrode finger number, etc. 

[0035] The inside of the electrode finger of the ctenidium-like electrode which 
specifically constitutes IDT [ on the other hand / (1 A) ] (11-13) of (1) surface 
acoustic element, The width method of the surface acoustic wave excitation 
direction (horizontal direction of drawing 1 ) of at least one electrode finger By 
differing from the width method of said surface acoustic wave excitation direction 
(horizontal direction of drawing 1 ) of the electrode finger of the ctenidium-like 
electrode which constitutes IDT (21-23) of another side (2A) of a surface acoustic 
element The input of surface acoustic wave filter equipment and/or the design 
value of an output impedance can be changed. 



[0036] (2) The input of surface acoustic wave filter equipment and/or the design 
value of an output impedance can be changed by differing the opening length of 
at least one electrode finger from the opening length of the electrode finger of 
said ctenidium-like electrode which constitutes IDT (21-23) of another side (2A) 
of a surface acoustic element among the electrode fingers of said ctenidium-like 
electrode which constitutes IDT [ on the other hand / (1 A) ] (11-13) of a surface 
acoustic element. 

[0037] (3) When the electrode finger of a ctenidium-like electrode is made into 
one pair by two, the pitch of these one pairs of electrode fingers is made into an 
electrode period, and the electrode period of at least one pair of electrode fingers 
with which a surface acoustic element is contained on the other hand (1 A) shall 
differ from the electrode period of the electrode finger contained on another side 
(2A) of a surface acoustic element, the input of said filter equipment and/or the 
design value of an output impedance can be changed. 

[0038] (4) The total of the electrode finger with which a surface acoustic element 
is contained on the other hand (1 A) can change the input of said filter equipment, 
and/or the design value of an output impedance by differing from the total of the 
electrode finger contained on another side (2A) of a surface acoustic element. 
[0039] (5) Meet in the propagation direction of the surface acoustic wave of a 
surface acoustic element excited by IDT (1 1-13) on the other hand (1 A). Two or 
more grating-like reflectors (14-15) formed in (10) on the piezoelectric substrate 
as sandwiched this IDT (11-13) can be included. Another side (2A) of a surface 
acoustic element can contain two or more grating-like reflectors (24-25) formed in 
(10) on the piezoelectric substrate as sandwiched this IDT (21-23) along the 
propagation direction of the surface acoustic wave excited by IDT (21-23). In this 
case, the total of the reflector finger which constitutes the grating-like reflector 
(14-15) with which a surface acoustic element is contained on the other hand 
(1 A) can change the input of said filter equipment, and/or the design value of an 
output impedance by differing from the total of the reflector finger which 
constitutes the grating-like reflector (24-25) contained on another side (2A) of a 



surface acoustic element. 

[0040] (6) The total of IDT (11-13) in which a surface acoustic element Is 
contained on the other hand (1 A) can change the input of said filter equipment, 
and/or the design value of an output impedance by differing from the total of IDT 
(21-23) contained on another side (2A) of a surface acoustic element, 
[0041] (7) The transmission frequency characteristics [ on the other hand / (1 A) ] 
of a surface acoustic element may change the number of the electrode fingers of 
IDT which constitutes each surface acoustic element, opening length, an 
electrode period, etc. so that it may differ from the transmission frequency 
characteristics of another side (2A) of a surface acoustic element. 
[0042] Drawing 2 is drawing explaining the structure of the surface acoustic wave 
filter equipment (the unbalanced input / balanced output surface acoustic wave 
filter of horizontal **** arrangement cascade connection) concerning the gestalt 
of other operations of this invention. The difference between drawing 1 and 
drawing 2 is in the configuration method of two surface acoustic elements by 
which cascade connection is carried out. That is, although cascade connection of 
surface acoustic element 1 A and the surface acoustic element 2A is arranged 
and carried out to the drawing top length list in drawing 1 , in drawing 2 , on the 
drawing, surface acoustic element IB and surface acoustic element 2B are 
arranged lining up side-by-side, and cascade connection is carried out. Although 
a difference is in wiring W1 A-W4A and wiring W1 B-W4B by drawing 1 and 
drawing 2 , floating also of the wiring W1 A-W4A and wiring W1 B-W4B is carried 
out from a grand circuit, and it is common that stray capacity (between the 
circuits for a gland) accompanies each wiring. 

[0043] With the configuration of drawing 2 , the impedance balance between 
wiring W1 B-W2Bs (asymmetry of capacitance) has been improved with the stray 
capacity Cyl of wiring W1 B, and the stray capacity Cy2 of wiring W2B, and the 
impedance balance between wiring W3B-W4B (asymmetry of capacitance) is 
improved with the stray capacity Cy3 of wiring W3B, and the stray capacity Cy4 
of wiring W4B. This has realized balanced actuation mold surface acoustic wave 



filter equipment with the sufficient amplitude balance engine performance and the 
sufficient phase balance engine performance. 

[0044] In addition, although not illustrated, the gestalt of the surface acoustic 
elements 1 A and 2A as shown in drawing 1 , and operation which forms surface 
acoustic element 1 B as shown in drawing 2 , and 2B on the same piezoelectric 
substrate 10 is also possible. 

[0045] Moreover, the gestalt of operation which uses surface acoustic element 
1 A of drawing 1 or surface acoustic element 1B of drawing 2 R> 2 as a balanced 
type, and uses surface acoustic element 2A of drawing 1 or surface acoustic 
element 2B of drawing 2 as an unbalance mold is also possible. 
[0046] Furthermore, the gestalt of operation which makes an output terminal the 
terminal P01 of the surface acoustic elements 1 A or 1 B of drawing 1 or drawing 
2 , and uses the terminals P1 1 and P12 of surface acoustic element 2A of 
drawing 1 or drawing 2 or 2B as an input terminal is also possible. 
[0047] Drawing 3 is drawing explaining the structure of the surface acoustic wave 
filter equipment (the balanced input / balanced output surface acoustic wave filter 
of ****** arrangement cascade connection) of this invention further applied to the 
gestalt of other operations. The difference between drawing 1 and drawing 3 is in 
the point of an unbalance mold or a balanced type on the other hand (1 A) of two 
surface acoustic elements by which cascade connection is carried out. That is, 
drawing 3 is taken as the surface acoustic wave filter equipment of a balanced 
input / balanced output mold to drawing 1 considering as the surface acoustic 
wave filter equipment of.an unbalanced input / balanced output mold. 
[0048] concrete - drawing 1 - IDT12 - although the unbalance signal terminal 
P01 is connected to electrode 12a on the other hand and another side electrode 
12b is grounded in the grand circuit - drawing 3 - IDT12 - on the other hand, 
one balanced signal terminal P01* is connected to electrode 12a, and balanced 
signal terminal P02* of another side is connected to another side electrode 12b. 
[0049] In addition, the vertical list surface acoustic elements 1 A and 2A of 
drawing 3 can also be lined up side-by-side like drawing 2 . 



[0050] If the configuration of the gestalt of operation of drawing 1 - drawing 3 is 
summarized, it can also express as follows. That is, two or more interdigital 
transducers (11-13, or 21-23) which make a ctenidium-like electrode come to 
cross are formed on a piezoelectric substrate (10). The electrode finger of said 
ctenidium-like electrode which constitutes said interdigital transducer (11-13, or 
21-23) is arranged with the surface acoustic wave excited by said interdigital 
transducer (11-13, or 21-23), for example, the width of face and spacing of 
quarter-wave length. Thus, two or more surface acoustic elements (1 A or 2A) of 
the constituted resonator mold are prepared. And cascade connection of one 
side (1 A) of said surface acoustic element and another side (2A) of said surface 
acoustic element is carried out. 

[0051] Here, it is constituted so that wiring (W1 A-W4A) which constitutes said 
cascade connection may be in floating in electrical circuit from the grand circuit of 
surface acoustic wave filter equipment (if stray capacity is formed in each wiring, 
it will not interfere that one of wiring is connected except [ somewhere in ] a 
grand circuit). 

[0052] At least one of wiring (W1A-W4A) which constitutes said cascade 
connection is separated from said grand circuit. In addition, when thinking as this 
wiring including wiring which leads to electrode 12b of I DTI 2 of drawing 1 , wiring 
which leads to this electrode 12b is not separated from a grand circuit. It is the 
expression at the time of "at least one is separated from said grand circuit", and 
also taking such a situation into consideration. Moreover, in the gestalt of 
operation which forms the configuration of drawing 1 , and the configuration of 
drawing 3 on the same substrate 10, for example, although wiring W2A and W4A 
are grounded in a grand circuit with the configuration of drawing 1 , all of wiring 
W1 A-W4A and the gestalt of operation of not grounding in a grand circuit are 
also considered with the configuration of drawing 3 . It is the expression at the 
time of "at least one is separated from said grand circuit", and also taking such a 
situation into consideration. 

[0053] In addition, this invention is not limited to the gestalt of each above- 



mentioned implementation, and deformation and modification various in the 
range which does not deviate from that summary are possible for it in the phase 
of that operation. Moreover, the gestalt of each operation is combined as suitably 
as possible, and may be carried out, and the effectiveness by combination is 
acquired in that case. 

[0054] Furthermore, invention of various phases is included in the gestalt of the 
above-mentioned implementation, and various invention may be extracted by the 
proper combination in two or more requirements for a configuration indicated by 
this application. For example, even if 1 or two or more requirements for a 
configuration are deleted from all the requirements for a configuration shown in 
the gestalt of operation, when at least one of this effect of the invention or the 
effectiveness accompanying implementation of this invention is obtained, the 
configuration from which this requirement for a configuration was deleted may be 
extracted as invention. 

[0055] Paying attention to the suspension impedance component (stray capacity 
between the circuits [ in / mainly / wiring of a balanced signal path ] for a gland) 
of IDT which performs <effectiveness of gestalt of operation> differential signal 
processing (balanced signal processing), it constitutes so that a grand circuit may 
not be made to ground wiring of Interstage IDT. By this, a differential (balance) 
input, a differential (balance) output, or differential (balance) I/O is enabled, it 
excels in amplitude balance nature and phase balance nature, and the surface 
acoustic wave filter equipment (surface acoustic wave filter equipment used 
especially in the mobile communications field) whose drive was enabled by low 
impedance can be obtained. 
[0056] 

[Effect of the Invention] Balanced actuation mold surface acoustic wave filter 
equipment with sufficient amplitude characteristic / phase balance engine 
performance is realizable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing explaining the structure of the surface acoustic wave filter 
equipment concerning the gestalt of 1 implementation of this invention. 
[Drawing 2] Drawing explaining the structure of the surface acoustic wave filter 
equipment concerning the gestalt of other operations of this invention. 
[Drawing 3] Drawing explaining the structure of the surface acoustic wave filter 
equipment of this invention further applied to the gestalt of other operations. 
[Drawing 4] Drawing explaining the example of a property (amplitude 
characteristic and VSWR) of the surface acoustic wave filter equipment (50-ohm 
system balance output EGSM-Rx filter using a LTA substrate) concerning the 
gestalt of implementation of this invention. 

[Drawing 5] Drawing explaining the example of a property of the surface acoustic 
wave filter equipment concerning the gestalt of implementation of this invention 
(an amplitude balance property and phase balance property). 
[Description of Notations] 

1A, 1B, 2A, 28- surface acoustic element (resonator mold surface acoustic 
element);10 - piezoelectric substrate; 11 -13, a 21-23 - ctenidium-like electrode 
(an interdigital transducer/IDT; functional device); 14, 15, 24, 25 ~ Reflector ;P 
01 ~ Unbalance signal terminal ;P 01*. P02*, P11, P12 ~ balance signal 



terminal; W1 A-W4A. a W1 B-W4B" signal line; Cx1-Cx4. Cy1-Cy4 - Stray 
capacity (suspension impedance). 
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